A best evidence topic in adult valvular surgery was written according to a structured protocol. The question addressed was 'Is a rigid tricuspid annuloplasty ring superior to a flexible band when correcting secondary tricuspid regurgitation (TR)?' A total of 166 papers were found using the reported search, of which, 13 presented the best evidence to answer the clinical question. The authors, country, journal, date of publication, patient group studied, study type, relevant outcomes and results of these papers are tabulated. All the 13 papers were retrospective studies, from which 4 were case-control studies comparing the rigid ring annuloplasty approach with the flexible band technique, eight case series and one case report. From the first three case-control studies, we conclude that more progression to moderate-to-severe TR in the flexible band group than rigid ring group. However, the fourth paper reported that both rigid and flexible systems provide acceptable early tricuspid valve repair results, but the use of a rigid ring increases risk of subsequent ring dehiscence. Another rare complication about the rigid ring was described by Galiñanes et al. We conclude that although there are relatively less risk of ring dehiscence or ring fracture in the flexible group, the rigid ring, particularly the new three-dimensional MC3 ring, is inclined to be better than the flexible band in terms of a sustained effect for maintaining stable postoperative regurgitation grade according to the current available evidences. However, due to the limited controlled studies and their retrospective design, the results should be confirmed by prospective studies with a large number of patients.
INTRODUCTION
A best evidence topic was constructed according to a structured protocol. This protocol is fully described in the ICVTS [1] . 
THREE-PART QUESTION
In
CLINICAL SCENARIO
During the period of surgical rotation, you change to another operating team in your department in the new year, and after a few days, during the operating process, you find that the new senior doctor performs tricuspid annuloplasty using a rigid ring rather than a flexible one after the mitral valve replacement, however, your former senior doctor told you previously that a flexible ring could accommodate the physiological motion of annulus during implantation. You pose a question and are told that it is the latest annuloplasty ring and can give better results. You decide to check the literature before discussing with him. 
SEARCH STRATEGY
Medline
SEARCH OUTCOME
A total of 166 papers were found using the reported search, from which 13 represented the best evidence on this topic and are summarized in Table 1 . NYHA: New-York Heart Association; SPAP: systolic pulmonary artery pressure; LVEF: left ventricular ejection fraction; TR: tricuspid regurgitation. The echocardiographic severity of TR was graded as none (0), mild (1), moderate (2), moderate-to-severe (3) and severe (4). Data were presented as mean ± standard deviation.
Good evidence [4] has been concluded to support ring annuloplasty over suture annuloplasty (such as De Vega's or Kay's technique). But there is no consensus regarding which ring annuloplasty is better in tricuspid valve repair. The ring annuloplasty is a relatively new method in the clinical practice. Many current published papers are observational studies without comparison groups and lack long-term results. Only four papers that compare the two methods are available.
Rigid ring tricuspid annuloplasty
In 2000, Onoda et al. [5] performed a retrospective study with a 10-year follow-up for the Carpentier-Edwards rigid ring. Echocardiographic studies showed that tricuspid regurgitation (TR) was well controlled within grade 2+ in all survivors. Filsoufi et al. [6] and Jeong et al. [7] reported their retrospective studies about the MC3 ring. Echocardiography predischarge showed significant decrease in TR grade and the follow-up transthoracic echocardiography (TTE) demonstrated a stable result. Another two studies [8, 9] from Japan and Italy also gave excellent results in early and mid-term periods.
In our literature search, we found three case-control studies with regard to our subject. The first was reported by McCarthy et al. [2] in a cohort of 430 patients. Severity of regurgitation was stable across time with the rigid ring (P = 0.7) and increased slowly with the flexible band (P = 0.05). The result of the second study [10] was similar to that of the first one. TR grade at discharge and the follow-up period showed better results in the rigid group. The last study performed by Navia et al. [11] from Cleveland Clinic compared two large groups (rigid ring: 584; flexible band: 1052). By 5-year follow-up, patients with either standard or threedimensional (3D) rigid prosthetic ring annuloplasty had the least increase across time compared with those receiving flexible rings.
Flexible band tricuspid annuloplasty
In 2001, Gatti et al. [12] evaluated the Cosgrove system for TR in 22 patients. All survivors were in NYHA class 1 or 2. Echo cardiography at discharge showed that TR grade decreased from 3.5 ± 0.5 to 0.5 ± 0.5, and at follow-up TR grade remained stable.
Gatti et al. [13] performed a study of 53 patients undergoing flexible band annuloplasty for secondary TR. Follow-up was 19.2 ± 14.0 months and TR significantly decreased from 2.2 ± 0.6 to 0.8 ± 0.6. Jung et al. [14] reported their outcomes using a Duran ring. Predischarge TEE showed decrease in TR from 3.4 ± 0.7 to 1.2 ± 0.7 and follow-up TTE result after 35.8 months was 1.0 ± 0.7.
One controlled study [15] reported by German surgeons investigated a large number of patients with either a flexible band (n = 415) or a rigid ring (n = 405). Follow-up mean duration was 21 months. Thirty-day mortality, 5-year survival and TR grade postoperative showed no differences between groups. Use of a rigid ring, however, was associated with significantly higher risk of dehiscence. Ten patients underwent reoperation for recurrent TR, 4 with ring dehiscence. The authors concluded that although both rigid and flexible systems provide acceptable early results, use of a rigid ring increases risk of subsequent ring dehiscence.
In addition, Galiñanes et al. [16] and Kay et al. [17] have reported 4 cases about a special complication. It is the fracture of the Carpentier rigid ring in the tricuspid position. Only 4 cases of this uncommon entity were found in the literature. So we can say it is extremely rare.
From the above observational studies, the 30-day mortality, late death rate were similar in the two groups. The echocardiography TR grade at predischarge and follow-up periods of rigid ring group varied from 0.22 ± 0.6 to 0.9 ± 0.5 and 0.3 ± 0.5 to 1.0 ± 0.4, while data in the flexible group which were slightly higher, were 0.5 ± 0.5 to 1.2 ± 0.7 and 0.3 ± 0.5 to 1.0 ± 0.7. But when it comes to the first three case-control studies (rigid ring: 805 patients vs flexible band: 1378 patients), it can be concluded that the rigid ring annuloplasty is more effective than flexible band for maintaining stable TR grade across time.
CLINICAL BOTTOM LINE
Both ring tricuspid annuloplasty methods have been proved to be safe, feasible and durable to correct secondary tricuspid regurgitation. Although there is relatively less risk of dehiscence or fracture in the flexible ring group, the rigid ring, particularly the new 3D MC3 ring, is inclined to be better than the flexible band in terms of a sustained effect for maintaining stable postoperative regurgitation grade according to the current available evidences. However, due to the limited controlled studies and their retrospective design, the results should be confirmed by prospective studies with a large number of patients.
